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Claim 



1. Covering material product with photochromic properties, 
characterized by containing urethane products for formation of 
the paint matrix and photochromic organic compounds. 
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2. Covering material product with photochromic properties 
described in Claim 1, in which the aforementioned dure thane 
products for formation of the paint matrix are composed of the 
following components a, b and c: 

a: at least one chosen from adducts of diisocyanate 
without the property of yellowing, isocyanurate, 
allophanate, biuret and carbodiimide and/or their block 
bodies with malonic acid, acetoacetic acid or methyl 
ethyl ketooxime, 
b: one, two or more chosen from polyester, polyether, 

polycaprolactone and polycarbonate containing several 
hydroxy groups in one molecule, with average molecular 
weight of 300-3000, 
c: catalyst for hardening. 

3. Covering material with photochromic properties described 
in Claim 1, in which the aforementioned ure thane products for 
formation of the paint matrix are composed of the following 
components d and e: 

d: polyurethane prepolymer with average molecular weight 
3000-6000, with isocyanate terminals produced by 
reaction between one, two or more diisocyanates without 
the property of yellowing and one, two or more diols, 
with molecular weight 100-1000, chosen from polyester, 
polyether, polycaprolactone and polycarbonate, or their 
block bodies with malonic acid, acetoacetic acid or 
methyl ethyl ketooxime, 
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e: one, two or more chosen from general formulas (I), (II) 
and (III): 

(R 1 )-i*KCH£H,OH,).-. (I) 



(where n indicates 0 or 1 and R 1 indicates a hydrocarbon group 
containing 1-6 carbon atoms) 

CH, CH, 
H40-CH-CHt)» (CHt-CH-OVH 

JN-CH,CH»-N n (H) 
H40-CH-CH,)/ N (CHr-<fH-a)s-H 

CHa CH, . 

(where m indicates an integer of 1—10) 



p<H K CHj-0 
R'-C,H C )CH-R' (H) 
O-CH/ CHr-0 



(where R 2 and R 3 indicate one, two or more groups shown below, 
which can be identical or different: 



-(CH*) NHt, CH,CHO, 




-(CH«),NHCH,CH, 
-(OH,)^HCH,NHR« 
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where R* indicates a hydrocarbon group) . 

4. Covering material product with photochromic properties 
described in Claim 2 or 3, in which the diisocyanate without the 
property of yellowing is one, two or more chosen from 
hexamethylene diisocyanate, isophorone diisocyanate, 
4,4 , -dicyclohexylmethane diisocyanate, hydrogenated xylylene 
diisocyanate, and lysine diisocyanate. 

5. Covering material product with photochromic property 
described in Claim 2 or 3, in which the aforementioned polyester 
is composed of adipic acid ester. 

6. Covering material product with photochromic property 
described in Claim 2 or 3, in which the aforementioned polyether 
contains the oxytetramethylene unit . 

7. Covering material product with photochromic property 
described in Claim 2 or 3, in which the aforementioned 
polycarbonate contains the repeating unit: 

-0-C.H..OCO- 

8. Covering material product with photochromic property 
described in Claim 2, in which the aforementioned catalyst for 
hardening is one, two or more chosen from tertiary amines, 
organotin compounds and organozinc compounds 

9. Covering material product with photochromic property 
described in any one of Claims 1-8, in which the photochromic 
compound is shown by general formula (IV) below: 




(17) 



(where R 5 -R 17 indicate hydrogen, organic atom group, carboxyl 
group, amino group, nitro group and halogen atom, which can be 
identical or different) . 

10. Covering material product with photochromic property 
described in any one of Claims 1-9, in which the aforementioned 
covering material product contain one, two, or more of UV 
absorber, photostabilizer, and antioxidant. 

Detailed explanation of the invention 

Industrial application field 

The present invention is concerned with a covering 
composition having photochromic properties, especially with a 
covering composition having high coloring and decoloring rate. 

Prior art 

A conventional covering material having photochromic 
properties and made by adding an organic compound having 
photochromic properties to silicone surface-curing coating 
material, then applying the mixture to a substrate for coating, 
is known for glass lenses. This method was more advantageous than 
a method for mixing it with a substrate because uneven 
concentration caused by thickness variations could be avoided. 

Problems to be solved by the invention 

However, because the silicone surface-curing coating 
material made by the above-mentioned method had high crosslinking 



concentration, it is difficult to move [sic; spread] organic 
compounds having photochrpmic properties, causing low coloring 
and decoloring rate. 



Means to solve the problems 

In order to solve the above-mentioned problems of 
conventional products, a ure thane composition was used for 
formation of a coating material matrix to which [was added] an 
organic compound having photochromic properties in the present 
invention. 

Suitable examples of a urethane composition for formation of 
a coating material matrix of the present invention include the 
following a, b, and c: a. at least one chosen from adducts of 
thermoplastic diisocyanate, isocyanurate, allophanate, biuret, 
and carbodiimide and/or their blocked forms with malonic acid, 
acetoacetic acid or methyl ethyl ketooxime; b. one, two, or more 
chosen from polyester, polyether, polycaprolactone and 
polycarbonate containing several hydroxy groups per molecule, 
with average molecular weight of 300-3000; c. catalyst for 
curing. 

Examples of nonyellowing diisocyanates used for the present 
invention include hexamethylene diisocyanate, isophorone 
diisocyanate, 4, 4 » -dicyclohexylmethane diisocyanate, hydrogenated 
xylylene diisocyanate, and lysine diisocyanate. It is preferred 
to use the following diisocyanate prepolymer made by bonding 
several molecules using various methods; adducts of isocyanurate, 
allophanate, biuret, or carbodiimide, from the point of view of 
physical properties and workability. Biuret of hexamethylene 
diisocyanate is especially suitable. 
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When using an isocyanate prepolymer,' a two-component coating 
material is prepared with a suitable polyol. A polyol with 
average molecular weight 300-3000, especially 500-1000, is 
suitably used. When using a polyol with an average molecular 
weight less than 300, the produced polyurethane matrix becomes 
hard, and low coloring and decoloring rate results. When using a 
polyol with an average molecular weight of more than 3000, the 
produced polyurethane matrix is so soft that it is easily 
crumpled, and the viscosity of the coating material is so high 
that working can be difficult. 

Examples of polyol include polyester, polyether, 
polycaprolactone, and polycarbonate. Polyester containing adipic 
ester, polyether containing oxytetramethylene glycol units such 
as polyoxytetramethylene glycol, polyether made by reacting 1,4- 
butanediol with propylene oxide, and polycarbonate made by 
reacting 1, 6-hexanediol with phosgene, are suitable. Adipic acid 
[compounds] such as low-branched polyester polyol and polyether 
polyol containing oxytetramethylene glycol units are especially 
suitable. 

A curing catalyst is added to the above-mentioned mixture of 
diisocyanate prepolymer with polyol. Examples of curing catalyst 
include tertiary amine compounds, organotin compounds, and 
organozinc compounds. Examples of tertiary compounds include 
triethylenediamine, N,N,N» ,N' ,N"-pentamethyldipropylenetriamine, 
N, N, N ■ , N ' , N n -pentame thyldiethylenetriamine, 
N, N, N'N f -tetramethylhexamethylenediamine, 

N,N,N f ,N f -tetramethylpropylenediamine, bis (dimethylaminoethyl) 
ether, 2- (N,N-dimethylamino) ethyl-3- (N,N-dimethylamino) propyl 
ether, ^N'-dimethylcyclohexylamine, N,N-dicyclohexylmethylamine, 
methylenebis (dimethylcyclohexyl) amine, triethylamine, 



N, N-dimethylcetylamine, N, N-dimethyldodecylamine, 
N,N-dimethylhexadecylamine, N,N,N'N"-tetramethyl-l, 3 
butanediamine, N,N-dimethylbenzylamine, morpholine,. 
N-methylmorpholine, N-ethylmorpholine, 
N- (2-dimethylaminoethyl ) morpholine, 

4,4-oxydiethylenedimorpholine, l^N'-diethylpiperazine, 
N, N' -dimethylpiperazine, 

N-methyl-N 1 -dimethylaminoethylpiperazine, 

2,4, 6-tri (dimethylaminomethyl) phenol, tetramethylguanidine, 

3-dimethylamino-N, N-dimethylpropionamide, 

N,N,N« ,N'-tetra (3-dimethylaminopropyl) methanediamine, 

N,N-dimethylaminoethanol, ethoxylated hydroxyzine, 

N,N,N' ,N'-tetramethyl-l, 3-diamino-2-propanol, 

N, N, N ' -trimethylaminoethylethanolamine, 

1, 4-bis (2-hydroxypropyl) imidazole, 

3,3-diamino-N-methyldipropylamine, 

l/8-diazobicyclo[5.4.0]undecene-7, and 

N-methyl-N'-hydroxyethylpiperazine. Examples of organotin 
compounds include tin octylate, dibutyltin diacetate, dibutyltin 
dilaurate, dibutyltin mercaptide, dibutyltin thiocarboxylate, 
dibutyltin dimaleate, dimethyltin diacetate, dimethyltin 
dilaurate, dimethyltin mercaptide, dimethyltin thiocarboxylate, 
dimethyltin dimaleate, dioctyltin mercaptide, and dioctyltin 
thiocarboxylate. Examples of organozinc compounds include zinc 
octylate, zinc naphthenate. 

Besides a composition containing the above-mentioned 
isocyanate prepolymer and polyol, a composition containing 
polyurethane prepolymer with an isocyanate group on the terminal 
made by reacting diisocyanate with polyol, then crosslinking it 



with a low-molecular-weight crosslinking agent, can be used for 
formation of a urethane coating material matrix, 

Polyurethane prepolymer made by reacting the above-mentioned 
nonyellowing diisocyanate (an equivalent or more, especially 
twice as much or more of an equivalent) with polyol, is used. 
Isophorone diisocyanate is especially suitable as the isocyanate 
considering both crystallization and compatibility with the 
polyurethane prepolymer. Polyether is suitable as the polyol 
considering crystallization. Polyoxytetramethylene glycol 
containing two hydroxy groups per molecule, is especially 
suitable. The polyetherdiol suitably has the molecular weight of 
100-1000. If the molecular weight is less than 100, because 
crystallization is easily carried out and because it is difficult 
to obtain the high molecular weight for the prepolymer finally 
produced, the matrix becomes hard, which lowers the coloring and 
decoloring rate. When .using a polyetherdiol with molecular weight 
more than 1000, the raw material polyetherdiol has such a high 
viscosity that workability can be worsened. 

The produced polyurethane prepolymer suitably has an average 
molecular weight of 3000-6000. If less than 3000, the matrix 
becomes excessively hard. If more than 6000, the viscosity 
becomes so high that gelation may occur. 

The isocyanate group positioned on the terminal of the 
above-mentioned polyurethane prepolymer, can be blocked to obtain 
long life for the coating material. The above-mentioned other 
types of diisocyanate prepolymers can be blocked. Any 
conventional blocking agent such as phenol or alcohol can be 
used. Considering the heat resistance of an organic compound 
having photochromic properties, or when using a plastic 
substrate, acetoacetic acid, malonic acid, or methyl ethyl 
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ketooxime, is suitably used for blocking because they can be 
easily removed at comparatively low temperature. 

The polyurethane prepolymer with an isocyanate group on the 
terminal can be crosslinked with a conventional diamine 
crosslinking agent. Either a polyol or a polyamine compound of 
the following formulas (I), (II) , or (III) is suitable: 

(R'>-*N-*CH«CH,OH,),-. (I) 

(in which n represents 0 or 1, R 1 represents a hydrocarbon group 
of Cj-s) 

CH, CH, 

IKO-CH-CH,)- (CHHtt-04«r-H 

VCH,CHr-N (II) 

H40-CH-CH,) a ^ch^ch-o^-H 

CH, CH, 

(in which m represents an integer of 1-10) 

fhCH, CHr-0 
R'-CIl C CH-R' (H) 
O-CH/ CHrO 

(in which R 2 and R 3 may be the same or different, consisting of 
one or more chosen from the following: 

CH, 

-CCHO'NHi. -y-CHtCHO, 
CH 3 

-(CH,),NHCH,CN, 

-(OH,) a (j:HCH,NHR« 
OH 



R* represents a hydrocarbon group) . 

The organic compound having photochromic properties is mixed 
and dissolved in the above-mentioned various compositions for 
formation of a polyurethane coating material matrix. 

Any organic compound having photochromic properties and able 
to be added to and dissolved in a polyurethane coating material 
composition of the present invention, [can be used], such as 
spiropyran, spirooxazine, mercury dithizonate [transliteration], 
azobenzene, or viologen. Indolinospironaphthoxazine of the 
following formula (IV) is especially suitable: 

Formula (IV) 




(in which R 5 -R 17 may be the same or different, chosen from 
hydrogen, organic atoms, carboxyl groups, amino groups, nitro 
groups, and halogen) l,2,3-trimethylspiro[indoline-2,3'-[3H]- 
naphtho [2.1-b] (1, 4) oxazine] , l-benzyl-3, 3-dimethylspiro [indolino- 
2, 3- [3H] naphtho [2. 1-b] (1, 4) oxazine] , 1- (p-methoxybenzyl) -3, 3- 
dimethylspiro [indolino-2, 3 [3H] -naphtho [2 . 1-b] (1, 4) oxazine] , 
1- (p-methylbenzyl) -3, 3 '-dime thy lspiro [indolino-2, 3- [3H] - 
naphtho [2. 1-b] (1, 4) oxazine, and l-(p-chlorobenzyl)-3,3'- 
dimethylspiro [indolino-2 , 3 ' - [3H] -naphtho [2 . 1-b] (1,4) oxazine . 

An ultraviolet absorbent, light stabilizer, or antioxidant 
can be added to the composition of the present invention. By 



doing so, deterioration of the coating film can be prevented, and 
decomposition of the organic compound having photochromic 
properties can be also prevented. 

Examples of ultraviolet absorbent include benzophenon such 
as 2-hydroxy-4-methoxybenzophenone, 2-hydroxy-4- 
octoxybenzophenone, 2 , 4-dihydroxybenzophenon, 2,2* -dihydroxy-4- 
methoxybenzophenone; benzotriazoles such as 2- (2 '-hydroxy-5'- 
methylgenyl)benzotriazole [transliteration], 2- (2 ' -hydroxy-5 * -t- 
butylphenyl) benzotriazole, 2- (2 • -hydroxy-5 ' -octylphenyl) 
benzotriazole, 2- (2 ' -hydroxy-3 • , 5 • -di-t- 

butylphenyl) benzotriazole, 2-(2'-hydroxy-di-t-butylphenyl)-5- 
chlorobenzotriazole, and cyanoacrylates such as ethyl-2-cyano- 
3,3'-diphenyl acrylate. 

Examples of light stabilizers include nickel complex salt 

and hindered amine compound. 

Examples of antioxidants include 2, 6-di-tert-butyl-p-cresol, 

2 or 3-tert-butyl-4-methoxyphenol, stearyl-0- (3, 5-di-tert-butyl- 

4-hydroxyphenyl) propionate, 2, 2 » -methylenebis (4-methyl-6-tert- 
butylphenol ) , 4,4* -thiobis ( 3-methyl-6-tert-butylphenol ) , 

4, 4 '-butylidenebis (3-methyl-6-tert-butylphenol) , 1, 1, 3-tris (2- 
methyl-4-hydroxy-5-tert-butylphenyl) butane; 1, 3, 5-trimethyl- 
2,4, 6-tris (3, 5-di-tert-butyl-4-hydroxybenzyl) benzene, 
tetrakis [methylene-3- ( 3 • , 5 • -di-tert-butyl-4 • - 
hydroxyphenyl) propionate] methane, dilaurylthiodipropionate, 
dimyristylthiodipropionate, triphenylphosphite, 
phenyldiisodecylphosphite, and 4,4' -butylidenebis (3-methyl-6- 
tert-butylphenyl-di-tridecyl) phosphite. They can be used alone 
or combined. It is especially suitable to add a combination of 
light stabilizer and antioxidant in amounts of 10% to 1000% of 
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the above-mentioned organic compound having photochromic 
properties. 

A leveling agent to improve spreadability, a defoaming 
agent, or a viscosity enhancer can be added to the polyurethane 
resin composition of the present invention. Examples of leveling 
agents include surfactants containing a fluoroalkyl group or a 
polydimethylsiloxy group. Cellulose acetate butyate is especially 
effective. A conventional silicone defoaming agent is suitable. A 
caster oil viscosity enhancer is effective because it can impart 
thixotropy. The additives can be added in amounts of 0.01-10% of 
the entire coating material. They can be diluted using a solvent. 
Examples of solvents include hydrocarbons such as hexane, 
heptane, octane, cyclohexane, toluene, xylene, or ethylbenzene; 
esters such as ethyl acetate, methyl acetate, isopropyl acetate, 
n-propyl acetate, isobutyl acetate, n-butyl acetate, isoamyl 
acetate, methyl propionate, isobutyl propionate; ketones such as 
acetone, methyl ethyl ketone, diethyl ketone, methyl isobutyl 
ketone, diethyl ketone, methyl isobutyl ketone, acetyl acetone, 
or cyclohexyl ketone; ether esters such as ethylene glycol mono- 
n-butyl ether acetate, propylene glycol, [acetates] such as 
Cellosolve acetate, diethyl glycol diacetate, or monomethyl ether 
acetate; tertiary alcohols such as diacetone alcohol or t-amyl 
alcohol . 

The solvent can be added in amounts of 0-60%. The amount is 
based on the viscosity of the entire coating material. Adding 
excess solvent causes reduction of viscosity, which results in 
production of a thin film. 

The polyurethane coating material containing a photochromic 
compound made in the above-mentioned process is applied to a 
transparent substrate for coating, then cured. Spraying, soaking, 



curtain-coating, or roll-coating can be used for coating. The 
coating method may depend on the intended use. Curing is 
performed at standard temperature to 130°C / depending on the heat 
resistance of the substrate and curability of the coating 
material. 

The composition of the present invention can be applied to 
any type of transparent substrate, such as a transparent glass 
substrate or a transparent plastic substrate. Examples of plastic 
substrates include vinyl chloride, polystyrene, methyl 
polymethacrylate, polycarbonate, polyethylene terephthalate, 
polyphenylene oxide, polyphenylene sulfide, 
copoly (tetrafluoroethylene-hexafluoropropylene) , cellulose 
acetate, and cellulose acetate butyrate. 

The composition of the present invention can be applied to 
the above-mentioned substrate which has polarization properties, 
contains an orientation plane which can be looked through from 
the specific direction, or whose surface has antifogging 
properties. ~ 

A film or a sheet coated with the composition of the present 
invention, having photochromic properties, can be made first, 
then laminated on another substrate such as a substrate having 
antifogging properties. Either a polysiloxane or an acrylic hard 
coating can be formed on one surface of a substrate, and a 
photochromic coating can be formed on another surface, then the 
film or the sheet can be adhered to either a sheet or a film 
having antifogging properties. The polyurethane coating made of 
the composition of the present invention can be heat-pressed, so 
that no adhesive is required. However, a hot-melt film may be 
used.. The substrate can be adhered to another substrate, so that 



a laminate having photochromic properties on one surface and 
antifogging properties on another surface, can be made. 

Function 

Because a layer is made by dissolving a photochromic 
compound in a polyurethane matrix using the composition of the 
present invention, high coloring and decoloring rates can be 
obtained. 

Application examples 

In the following, application examples are explained. 

(1) Preparation of isocyanate end polyurethane polymer 

Polyurethane polymer was prepared using the combinations 
shown in Table I. Polyol was introduced in a flask, stirred and 
heated under a nitrogen flow, then dehydrated. A small amount of 
dibutyltin dilaurate, used as a reaction catalyst, was added and 
mixed well. The mixture was kept at 60 °C. While stirring, 
diisocyanate was added dropwise. After the end of the dropwise 
addition, the reaction was completed by stirring for 5 h. 

(2) Preparation of photochromic polyurethane coating material 

The polyurethane coating material shown in Table II was 
prepared by combining isocyanate end polyurethane prepolymer made 
in Application Example 1, a curing agent, other isocyanate 
prepolymers, and polyol. In Table II, cellulose acetate is 



referred to as "sakusero" [transliteration], and methyl ethyl 
ketone is referred to as MEK. Methylisobutylketone is referred to 
as MIBK. 

(3) Preparation of polycarbonate flat with one surface having 
antifog coating . 

A curing catalyst, a flow-controlling agent, and ethyl 
Cellosolve as a solvent were added to a copolymer of glycidyl 
methacrylate (50 parts by weight) and 2-hydroxyethylmethacrylate 
(50 parts by weight) to make a coating material. The coating 
material was used as an undercoating. The primer was applied 1 mm 
thick to a polycarbonate flat (PC flat) for coating, then heated 
and cured at 110-130°C for 30 min. 

Both polyoxyethylated sorbitol (50 parts by weight) and 
copolymer of glycidyl methacrylate and 2-hydroxyethyl 
methacrylate (40 parts by weight) were mixed with hydrolyzed 
y-glycidqxypropyltrimethoxysilane (10 parts by weight) , then the 
mixture was mixed with a polyoxyethylene alkylaryl type 
surfactant (made by Lion, Riponox [transliteration] NCN) , a 
curing catalyst, a flow-controlling agent, and ethyl Cellosolve 
used as a solvent, to make a coating material. The coating 
material was used for top-coating. 

A coating film having both good antifogging properties and 
good adhesivity can be formed by top-coating a PC flat which has 
been previously undercoated, then thermally curing at 130°c for 1 
h. Thickness of the undercoat after curing was 2 urn, and 
thickness of the topcoat after curing was 10 urn. 
(4) Preparation of photochromic polyure thane-coated product 
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The following was used as a substrate: glass flat (G) ; 
polycarbonate flat (PC) having thickness of 0.5 mm; polycarbonate 
flat (AFPC) with an antifogging coating made in the above- 
mentioned section (3); cellulose acetate whose surface was 
hydrolyzed with an aqueous caustic soda solution (made by 
Sanritsu Denki, Deimules [transliteration]; D) ; polyethylene 
terephthalate film (PET) of thickness 125 urn) ; CR-39 flat of 
thickness 2 mm; vinyl chloride sheet (PVC) of thickness 2 mm; and 
(HPET) made by treating a polyethylene terephthalate film of 
thickness 125 urn with a primer (TF, made by Shinetsu Kagaku) and 
that silicon type hard coating (X-12-2150; made by Shinetsu 
Kagaku) is given. A polyurethane coating material made with a 
combination shown in Table III was applied for coating, then 
curing was performed under various conditions. In the case of 
either a hard-coated flat or a film or with an antifogging film, 
its opposite surface was coated. 

The completed polyurethane coated product was colored within 
several seconds of being irradiated with sunlight from the 
polyurethane side, and decolored within several seconds after the 
sunlight was cut off. In the following cases, i.e., product 
consisting of a substrate with the surface which was hydrolyzed 
with cellulose acetate; products consisting of a substrate with 
the surface which was hydrolyzed with polyethylene terephthalate; 
a substrate with the surface which was hydrolyzed with polymethyl 
methacrylate; and a substrate with the surface which was 
hydrolyzed with CR-39, when sunlight was irradiated from the 
opposite surface, they were well colored. 

(5) Adhesion of laminated polyurethane to other substrates 

A polyurethane laminated product made in the above-mentioned 
(4) was adhered to other substrates. Combinations and conditions 



are shown in Table IV. Completed laminates exhibited good 
coloring and decoloring properties under sunlight. 
(6) Measurement of coloring and decoloring rate 

Among the above-mentioned coating materials, the coloring 

and decoloring rate of No. C-10 was measured in the following 

process. 

The measuring apparatus shown in Figure 1, was made with a 
UV lamp "Handy Curab [transliteration] HLR-100T" made by Sen 
Tokushu Kogen. The coloring and decoloring property was evaluated 
by relative illuminance. The ratio of illuminance obtained when 
not coloring to that obtained when coloring indicates the 
transmission ratio. In Figure 1, dryer 2 was used for preventing 
temperature increase of sample 3 due to light from UV lamp 1. A 
2-mm-thick clear PC (polycarbonate) flat 4 was used as a filter 
to shut out UV, and colored PC flat 5 was used as a filter to 
decrease illuminance when an illuminance meter 6 was set in 
place. 

Also, an ultraviolet meter (DM-365M) was used to measure UV 
strength, and a thermocouple was used to measure temperature of 
the sample. The result is shown in Figure 2. 

It was obvious from Figure 2 that coloring and decoloring 
were completed within 30 sec after irradiation was initiated or 
stopped. 



Table I . Polyurethane prepolymer composition table 
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Prepolymer No. 
Diisocyanate 
Name 
Amount 
Polyol 

Hexamethylene diisocyanate 
Polyoxytetramethylene glycol 
Polycarbonatediol (DN-983) 
Isophorone diisocyanate 
Polyesterdiol (Desumophen 850) 
Polycaprolactone diol (Tone 0200) 
4, 4 *-Dicyclohexylmethane diisocyanate 
Note: Teratan 650®: made by E.I. Du Pont de Nemours & 
Co.j DN-983 : made by Nippon Polyurethane; Desmophen 
850 : made by Bayer A.G.; Tone 0200®: made by Union 
Carbide Corp. 



. Polyurethane coating material composition table 
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Notes: Spiroglycol®: made by Mitsubishi Gas Kagaku, 9-bis(l,l- 
dxmethyl-a-hydroxyethyD-a^.S^O-tetraoxaspiroCS.SJundecane 

Adekakuodol [transliteration]: made by Asahi Denka, N, N, N' ,N'- 
tetrakis (2-hydroxypropyl) ethylenediamine 

o^o 1 ^ ?"° 02: made by Yuka She11 E P° x y' 3,9-bis(3-aminopropyl). 
2, 4, 8, 10-tetraoxaspiro[5.5]undecane 

Sumidure N-3200®: made by Sumitomo Bayer Urethane 

IPDI-TI890/100®: Chemische Werke Huls A.G. 

Coronate EH®: made by Nippon Polyurethane 

Banosk DN-950®: made by Dainippon Ink Kogyo 

Desmodure LS-2800®: made by Sumitomo Bayer Urethane 

Coronate 2507®: made Nippon Polyurethane 

Photochromic compound No. and name of substance 

PC-1 : . 1, 3, 3-Trimethylspiro [indolino-2, 3 ' - [3H] -naphtho [2 . 1- 
b] (l,4)oxazine 

PC-2 : 1- (p-methoxybenzyl) -3, 3-dimethylspiro [indolino-2, 3»- [3H1 - 
naphtho [2. 1-b] (1,4) oxazine 

LS-770® Sano [transliteration] LS-770® made by Sankyo, 
bis (2, 2, 6, 6-tetramethyl-4-piperidyl) sebacate 

AO-30®: MARK AO-30®, made by Adeca Augus 

FC-430®: made by 3M, surfactant containing alkyl fluoride chains 

BP-300®: Serit [transliteration] BP-300®: made by Sumitomo Bayer 
urethane, cellulose acetate butyrate 



Coating material No. 
Prepolymer 
Curing agent 
Diisocyanate prepolymer 
Polyol 

Leveling agent 
Curing catalyst 
Photochromic compound 

Light absorbent or stabilizer or antioxidant 

Solvent 

Amount 

Name 

Triethanolamine, ethyldiethanolamine 

Triethylamine 

Xylene/ sakusero 

Same as to the left 

Xylene/sa^usero/t-amylalcohol 

HDI biuret (Sumidure N3200) 

Polyester polyol (Desmophen 670) 

Dibutyltin dilaurate 

Diacetone alcohol 

Polycaprolactone diol (Tone 0200) 

Zinc octylate 

IPDI isocyanulate IPDI-T 1890/1000® 

Polyether polyol (Teratan 650) 

t-Amyl alcohol 

HDI adduct coronate EH® 

Polyether polyol (Desmophen 670) 

Dibutyltin dilaurate 

HMD I adduct Banosk DN-950® 

Block isocyanate (Desmodure LS-2800) 



I. Preparation of polyurethane coated product 





/7\ irf-ES^nir 


U— I 


, U— 2 


U 


-4 


U-6 


U-8 


U-U 


t U— 16 


i U- 


-18 


H-20 


U-21 


U-24 


l U-28 


€. 

/£ 

@ 




G 


G 


G 


G 


C 


AFPC 


AFPC 


AFPC 


AFPC 


AFPC 


PC 


PC 


] 


C-l 


C-4 


C- 


-10 


C-16 


C-22 


C-2 


C-10 


C- 


-14 


C-22 


C-22 


C-3 


C-12 




A 


A 


S 


S 


F 


A 


S 


A 


A 


F 


S 


A 


JtJ. JLfi TTrt *ya r+rj i 


130 


130 


100 


100 


150 


130 


100 


100 


100 


130 


100 


no 


) &fe35ISi(*) 


10 


10 


30 


30 


30 


10 


30 


30 


OA 

OU 


bU 


DO 


50 




220 


210 


55 


45 


120 


210 


65 


230 




OCT 


ti> 


205 


G 
















U-32 


U-34 


u- 


•35 


U-38 


U-40 


U-43 


U-44 


U- 


47 


U-50 


U-51 


U-52 


H— 53 






PC 


0 


D 


0 


D 


PUMA 


PUMA 


PUMA 


PUUA 


PUMA 


PVC 


PVC 




C-22 


C-2 


C- 


-4 


C-10 


C-14 


C-l 


C-3 


C- 


10 


C-16 


C-20 


C-l 


C-2 




A 
A 


A 


A 


S 


b 


A 


F 


S 


A 


A 


S 


S 


® 
® 






130 


30 


50 


bU 


100 


100 


80 


80 


OU 




(U 






600 


600 


90 


90 


30 


30 


60 


fin 


fin 


I u 


7TI 
lU 


» (*■) 


one: 

£AJ%J 


210 


210 


65 


50 


202 


197 


48 


cAJVJ 






45 




/tNlrfrHJ44nl! 


U-57 


U-59 


U- 


61 


U-62 


1J- 63 


U-64 


U-67 


U- 


69 


U-73 


U-76 


U-82 


U-84 






PVC 


PVC 


PET 


PET 


PET 


PET 


PET 


PET 


PET 


HPET 


HPET 


HPET 






C-10 


C-20 


C- 


1 


C-2 


C-3 


C-4 


C-10 


C- 


12 


C-22 


C-4 


C-l 


C-12 






A 


S 


R 


R 


R 


R 


R 


A 


R 


R 


A 


R 




&&SigE(iC) 


70 


70 


130 


130 


130 


130 


130 


130 


150 


i in 
11U 


110 


110 






70 


70 


10 


10 


10 


10 


10 


10 


20 


oU 


30 


30 






220 


GO 


156 


150 


154 


153 


150 


230 


155 


tec 




157 






U-88 


U-91 


U-92 


U- 


-95 


U-97 


U-99 












HPET 


CR-39® 


CR 


-39® 


CR- 


39® 


CR-39® 


CR-39® 












C-22 


C-l 


C-2 


C- 


-16 


C-20 


C-22 












R 


A 


A 


S 


S 


F 












130 


110 


110 


120 


120 


128 












30 


30 


30 


25 


25 


45 










mm (mi) 


143 


210 


210 


60 


56 


124 









A:500mbX'J v YT-fVtr—f&m 
R: n-^n-^~^ 
F : 7d-3- v 



i\ey . ± 


Coated product 
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coating material No. 
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Notes: For coating methods 


A 


500-^im slit applicator was used 


R 


A roll coater was used 
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Flow coating 


S 


Spray coating 



Table IV. Adhesion of polyurethane coated product 
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Key: 1 Adhered body No. 

2 Polyure thane coated product No. 

3 Adhered surface 

4 Other material 

5 Adhesive 

6 Adhesion method 

7 Polyurethane film 

8 Surface with no hard coating 

9 Absence 

10 Heat-pressing method 

11 Glass 

12 Polyvinyl butyral film 

13 Dumiran film® 

14 Surface with no antifogging coating 

15 PC surface 

16 UV-cured ure thane acrylate 

17 UV curing 

18 PET surface 

19 Note: Dumiran®: made by Takeda Seiyaku 
Effects of the invention 

A composition for coating having photochromic properties and 
rapidly coloring and decoloring, is provided by the present 
invention. 

Brief description of the figures 

Figure 1 shows a measuring apparatus for coloring and 
decoloring used for. application examples. Figure 2 shows results 
from coloring and decoloring measurement. 

1 — UV lamp. 2 — Dryer. 3 ~ Sample. 6 — Illuminance. 
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Figure 1 



Key: 1 UV lamp 

2 Dryer 

3 Sample 

6 Illuminance 
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Transmittance 
Time 

Coloring 
Decoloring 



